Introduction Musculoskeletal conditions, including osteoarthritis (OA), result in tremendous disability and cost. Statins are among the most commonly prescribed medications and their use for primary prevention in many otherwise healthy individuals, including those who are physically active, is increasing. There is conflicting evidence regarding the relationship of statin use and musculoskeletal conditions. Given the rising disability associated with musculoskeletal conditions, understanding predisposing factors, including medication-related exposures, deserves further attention.
Introduction
Osteoarthritis (OA), one of the most common musculoskeletal conditions, results in disability and cost at both the personal and societal levels. Similarly, cardiovascular diseases have tremendous morbidity and mortality. Studies are uncovering several potential shared mechanisms between cardiovascular disease and OA. We are still learning more about the multifactorial pathogenesis of musculoskeletal conditions and how metabolic pathways contribute to structural damage and deleterious patient reported outcomes. Statins (hydroxyl-methyl-glutaryl coenzyme A reductase inhibitors) are widely used to prevent cardiovascular disease, and its use is rising [1] . Recent cholesterol management guidelines expanded the recommendations regarding statin use for primary prevention to many otherwise healthy individuals; this often includes individuals who are physically active. However, recommendations are not consistent between expert groups/panels and differ on the populations that should be prescribed statins for primary prevention [2] .
Statins have been shown to have potentially modifying effects in musculoskeletal conditions [3, 4] . Currently, data from observational studies are conflicting [3] [4] [5] [6] [7] -there is no consensus on whether statins are protective or deleterious in the development and progression of musculoskeletal conditions. One study noted that statins were associated with a reduction in clinically defined OA [3] . Prompted by data suggesting an association between statin use and a decreased risk of developing OA, there is a current randomized controlled trial [the Osteoarthritis of the Knee Statin (OAKS) study] that seeks to address whether atorvastatin has disease modifying effects in OA by delaying structural and symptomatic progression of knee OA [8] .
Additional research suggests that statin use is not associated with improvement in knee pain, function or structural progression of knee OA over 4 years [4] . Our group reported that statin use, in a different propensity scorematched study of statin users and nonusers, was associated with increased risk of musculoskeletal use-related injury in our primary and secondary analyses and an increased incidence of arthropathies in the secondary analysis only [9] . However, our prior study only included statin users who initiated statins in fiscal year (FY) 2005 and excluded those who initiated statins in subsequent years. It also defined nonusers as those who never used a statin throughout the study period; such a study design of ''neveruser/user'' may exaggerate findings. Additionally, our prior study had a shorter follow up ending in 2010; longer duration of follow-up may reveal adverse events that are slower to develop. Given conflicting evidence regarding statin use and the rising disability, societal and personal repercussions associated with both OA, and inconsistency in guidelines for certain populations, understanding predisposing exposures (including medication related) or protective factors deserves further attention.
The objective of this study was to examine the association between statin use and the risk of being diagnosed with non-traumatic arthropathies, use-related injury, and undergoing rehabilitation in a patient cohort with longitudinal follow-up and equal access to healthcare. Our a priori hypothesis was that statin use would be associated with musculoskeletal conditions.
Methods
After obtaining approval of the Institutional Review Board (IRB) at Brooke Army Medical Center and the VA North Texas Health Care System, we used the Military Health System (MHS) Management Analysis and Reporting Tool (M2) to retrieve administrative, clinical, and medication fill data for patients enrolled in the San Antonio Military Multimarket area encompassing the period October 1, 2003 to March 31, 2012 . The M2 data include clinical and administrative data of inpatient and outpatient medical encounters within and outside MHS, all dispensed medications, and laboratory investigations performed within MHS [10] . A more detailed description of the methods has previously been published [11, 12] .
Inclusion criteria were C 30-years of age at the start of baseline period (detailed later), at least one medical encounter during the baseline period, and at least one medical encounter during the follow-up period.
Two treatment groups were identified: [13, 14] . Thereafter, we matched treatment groups on baseline period start date and follow-up duration to avoid potential biases resulting from differences in beginning of baseline periods and follow-up duration periods.
Index Date and Study Periods
The study was divided into two periods: (1) baseline period, which was defined as the 2 years preceding the index date and was used to describe baseline characteristics; and (2) follow-up period, which started 90 days after the index date and was used to capture outcomes. Among statin users, the index date was 10 days after the date of first statin use since events occurring in this period are more likely to be due to baseline characteristics than to pharmacological effects of statins. For example, a patient may complain of chest pain suspicious of angina and started on a statin prior to receiving the diagnosis of angina. Among nonusers, the index date was defined as the date marking the end of two years after the first date of any encounter.
The follow-up period started 90 days after the index date; we omitted the first 89 days after index date from outcomes to minimize effects of unrecognized confounders as recommended in prior studies [15] [16] [17] ; since the pharmacological effects of statins are expected to occur after 3 months at least, therefore, any events that had taken place during this period would most likely represent either a chance or confounders [15] [16] [17] .
Outcomes
We used the Agency for Health Research and Quality Clinical Classifications Software (AHRQ-CCS) disease categories to define our pre-specified outcome groups [18] [19] [20] [21] [22] [23] The AHRQ-CCS method of development and validation were previously published [24, 25] . The AHRQ-CCS diseases categories were used to estimate the medical expenditure and prevalence of chronic conditions, including musculoskeletal diseases [26, 27] . Using AHRQ-CCS diseases categories, the Healthcare Cost and Utilization Project identified osteoarthritis as the fifth most common principal diagnosis in 2011 [28] . Use of ICD-9-CM codes to identify musculoskeletal conditions has been also utilized to describe the epidemiology of osteoarthritis in a population [29] , the prevalence of painful musculoskeletal conditions in Veterans after deployment [30] , and medication adverse events [9, 31] . There is an overall concordance between ICD-9-CM codes for musculoskeletal conditions and Veterans Administration Schedule for Rating Disability (VASRD), which is used by the army to categorize and code permanent disability [32] . The two major subgroups of musculoskeletal conditions in VASRD are ''injury'' and ''diseases'', which together constituted the most common cause for permanent disability in the US army [32] .
Data and Statistical Analyses
We used a logistic regression model to create a propensity score to match comparison groups on 115 baseline characteristics including personal history, social history, family history, healthcare utilization, baseline period start date, comorbidities, Charlson comorbidity index [33] , use of various classes of medications, and undergoing invasive and noninvasive cardiovascular procedures during the baseline period as well as follow-up duration (see Electronic Supplementary Material #2 and Table 1 ). After creating a propensity score, we matched treatment groups 1:1 for nearest neighbor with a caliper of 0.01 and tested the balance of covariates using the methods previously described [34] [35] [36] [37] [38] .
Primary analysis We examined odds ratios of outcomes in statin-users and nonusers in the propensity score-matched cohort using conditional logistic regression analysis. We also calculated the number needed to be exposed for one additional person to be harmed [39] .
Secondary and sensitivity analyses We examined risks of outcomes in the following cohorts using multivariable logistic regression with adjustment for propensity score:
1. Overall cohort Including all patients who met the study inclusion and exclusion criteria-we performed several analyses:
(a) All statin users vs. nonusers; (b) All statin users vs. nonusers with additional adjustment for medications use and undergoing revascularization procedures during the followup period. We included medication groups that may be associated with increased body weight or musculoskeletal symptoms (systemic corticosteroids, selective serotonin reuptake inhibitors, anti-psychotic, bisphosphonate, hormone replacement therapy, testosterone, warfarin, and cytochrome P450 inhibitors [40] ). We also assumed that invasive revascularization procedures (percutaneous coronary intervention, coronary artery bypass surgery, or peripheral revascularization procedure) may result in prolonged bed rest and hospitalization; hence, it may contribute to musculoskeletal symptoms; (c) Statin users who used statins for 2 years or more vs. nonusers; (d) Statin users who used statins for 4 years or more vs. nonusers; (e) Statin users who used high-intensity statins for 120 days at least vs. nonusers. Statin intensity was defined as per the guidelines of the American College of Cardiology/ American Heart Association (ACC/AHA) [41] , with a modification to include simvastatin 80 mg as high-intensity statin;
2. Non-obese cohort This cohort excluded patients diagnosed with obesity at baseline or at follow-up. 3. Healthy cohort This cohort excluded patients with any component of the Charlson comorbidity index, [33] cardiovascular disease, or severe chronic disease that may limit survival or physical activity (see Electronic Supplementary Material #3). 4. Musculoskeletal diseases incident cohort In this analysis, we excluded patients who were diagnosed with any of our outcomes of interest during the baseline period. 5. Statin users cohort This cohort only included statin users from the overall cohort; in this analysis, we examined risk of outcomes between high-intensity statin users versus moderate/low-intensity statin users.
Baseline characteristics for comparator groups were assessed and standardized differences were reported. Comparisons of the outcomes were considered to be statistically significant at p values \ 0.05. Statistical analyses were performed using SPSS version 23 (IBM, Armonk, NY).
Results
A total of 60,455 patients met the inclusion and exclusion criteria. Statin users in comparison to nonusers were more likely to be men (54 vs. 46%, p \ 0.001), older (mean age of 53 vs. 45 years old, p \ 0.001), had higher Charlson comorbidity index (0.87 ± 1.41 vs. 0.37 ± 0.97, p \ 0.001). Statin users were also taking more prescription medications than nonusers [11] . Among those on a statin, prescriptions for simvastatin (72%) constituted the majority of statins prescribed, followed by atorvastatin (22%), pravastatin (3%), rosuvastatin (2%), and lovastatin or fluvastatin (\ 1%).
Propensity Score-Matched Results
We propensity score-matched 6728 statin users with 6728 statin nonusers with no residual differences between treatment groups. Table 1 depicts selected baseline characteristics. Statin users took statins for a median (IQR) of 3.7 (1.9-4.9) years. In the propensity score-matched cohort, 1405 statin users received a high-intensity statin for C 120 days.
Statin users in the propensity score-matched cohort had a higher likelihood of non-traumatic arthropathies [odds ratio (OR) 1.17, 95% confidence intervals (CI) 1.09-1.25], and use related injury (OR 1.11, 95% CI 1.03-1.19), but Table 2 ). The number needed to be exposed to cause one additional person to be harmed was 26 for non-traumatic arthropathies and 45 for use related injury (Table 2) .
Secondary Analysis
In the overall cohort, statin users had a higher adjusted odds of being diagnosed with non-traumatic arthropathies (OR 1.20, 95% CI 1. In each of the non-obese cohorts, the healthy cohort, or the musculoskeletal conditions incident cohort, statin users in comparison to nonusers had higher odds of nearly all outcomes (Table 3 ).
To further demonstrate a dose-effect relationship, we compared high intensity statin users to moderate/low intensity statin users ( Table 4 ) and found that high intensity statin users were more likely to experience non-traumatic arthropathies (OR 1.20, 95% CI 1.10-1.32), use related injuries (OR 1.19, 95% CI 1.08-1.32), and undergo rehabilitation (OR 1.68, 95% CI 1.51-1.87).
Discussion
Our study supports previous findings that statin use may be associated with increased likelihood of being diagnosed with musculoskeletal conditions [9, 42, 43] , specifically non-traumatic arthropathies and use-related injury. We also found evidence for a dose response to both dosage and duration of statin use and outcomes evaluated, including the use of rehabilitative services. NNEH the number needed to be exposed for one additional person to be harmed [39] Our finding of an association of OA diagnosis in statin users even after controlling for multiple factors is in contrast to some recent publications speculating on potential benefits of statins for prevention or amelioration of OA symptoms or denoting evidence emerging from in-vitro studies [44, 45] . A longitudinal study of a cardiovascular disease cohort population using UK national clinical practice data revealed that higher statin dose and larger dose increments were associated with a reduction in clinically defined OA as compared to statin nonusers [3] . However, this study exclusively evaluated a cardiovascular disease cohort and the baseline characteristics of statin users and nonusers were considerably different raising concern for other unmeasured confounders. Both randomized controlled trials and observational studies have their limitations in assessment of statins adverse events, which were discussed in recent publications [46] [47] [48] . Methodology of observational studies may be biased towards beneficial effects of statins due to unrecognized confounders such as healthy user bias [49] . Additionally, statin use may act as a surrogate marker for having better access to healthcare or higher socioeconomic status [46] . In our study, all patients had equal access and cost of healthcare.
It is conceivable that statins may increase vulnerability to myalgias and contribute to the myopathic component often experienced with musculoskeletal diagnoses. Some studies noted that skeletal muscle biopsies from statin users compared to nonusers had a characteristic pattern on electron microscopy that included breakdown of the T-tubular system and subsarcolemmal rupture, regardless of presence of symptoms and/or serum creatinine kinase elevation [50, 51] . The clinical implications of these findings are not clear, but it may be surmised that such changes may contribute to the increased odds of non-traumatic arthropathies and use-related injury. We are gaining a greater appreciation for other potential pain sources contributing to musculoskeletal pain [52] [53] [54] [55] , yet it remains unclear exactly the role for statin use in this pathway [50, 51] . Future studies are warranted to determine where on the mechanistic pathway statin use is contributing to the experience of musculoskeletal pain.
Another area of great clinical importance is whether and how statin use affects physically active adults. Our results demonstrated that statin users have higher odds of being diagnosed with use-related injury than nonusers. Guidelines and consensus panels recommend exercise and physical activity of varying intensity. The interaction between the effects of statins and physical activity is not well studied. Few studies noted that high level of structured physical activity has a protective cardiovascular effects comparable to medications including statins in patients with existing cardiovascular diseases [56] . As for adverse events, most studies focused on effect of statins on musculoskeletal strength and athletic performance with mixed results [57] . However, very few studies examined the risk of use-related injury in association with statin therapy, specifically in physically active individuals. Several studies have noted that statin use was associated with myalgia or increase in serum creatinine kinase level in physically active individuals [58] [59] [60] , but the incidence of strain, sprain, and dislocation was not examined. However, in a cross-sectional survey of amateur runners from the Netherlands (4460 subjects), there was no statistically significant difference in OR of exercise-related injuries between statin users and nonusers, although injuries were highly prevalent (38%) [61] . Yet, the number of statin users in this study was only 117 subjects and defining baseline characteristics and outcomes was based on an online questionnaire. Given the morbidity and personal/societal burden associated with musculoskeletal use related injuries (i.e. time off work, emergency department visits, adverse effects from treatment), it will be critical to rigorously evaluate the role of statin use in development of these injuries as younger healthy adults are prescribed statins and this population is encouraged to increase physical activity.
One major implication of our research is whether statin use (including dose and duration of use) will result in increased levels of long-term disability among users. Our results show a significant association with ICD-9-CM diagnostic codes; however, the distal outcome, and presumably the more critical outcome, namely subsequent functional impairment and disability, has not been evaluated in this study. However, a prospective study noted that statin users in comparison to nonusers expended less metabolic equivalents, engaged in less moderate physical activity, and exhibited more sedentary behavior [62] . On the other hand, a recent study showed that older adults who take statins can still benefit from interventions to increase physical activity [63] . This conflicting evidence underscores the tension of prescribing statins in younger physically active populations who may have a lower risk of cardiovascular disease but greater stakes of suffering from musculoskeletal disorders. In fact, data indicate that musculoskeletal disabilities among all US soldiers discharged with permanent disability constitute 71% of all disability conditions [32, 64] . Additional research is timely to understand how to frame conversations around these competing risks (cardiovascular versus musculoskeletal disability), eliciting priorities, and how to act upon these priorities.
This study has several strengths including its longitudinal design that spanned the period from 2003 to 2012; prolonged follow-up allows identifying adverse events that are slower to develop. The study population encompassed enrollees of Tricare prime or plus of the same regional military healthcare area; hence, all enrollees have reasonably similar access and cost of healthcare, which minimizes confounding due to socioeconomic factors [65] . We also intended this study to mitigate several of the limitations common to observational studies, in general, and to our prior study from the same healthcare system, in particular [9] . As we detailed earlier, we counted statin users as nonusers during the period that preceded statin prescription; this design mitigates immortal time bias and avoids selection bias [13, 14] . We also performed several pre-specified secondary analyses that were intended to explore if different unrecognized confounders may have contributed to the association of statins with musculoskeletal conditions. Since some studies suggested a tight association between development of degenerative joint diseases and cardiovascular diseases (in which statins are commonly prescribed) [66, 67] , the association of statin with musculoskeletal conditions may represent protopathic bias [68] . Therefore, in addition to including the prevalence of cardiovascular diseases in our propensity score creation, we also included undergoing non-invasive and invasive cardiac procedures [69] [70] [71] . We also performed a secondary analysis, in which we adjusted for undergoing cardiac procedures during the follow-up period and another secondary analysis, in which we excluded any patient with cardiovascular disease or major comorbidity (healthy cohort). Our results remained consistent; in fact, restricting analysis to the healthy cohort, resulted in stronger association with our outcomes despite a smaller sample size. Additionally, concerns were raised that confounders introduced during the follow-up period (not the baseline period) may introduce bias in results of studies [72] . Therefore, we adjusted for usage of medications that may be related to our outcomes during the follow-up period. To explore if severity of obesity may have acted as a confounder, we performed a secondary analysis in which we excluded patients with obesity at baseline or during followup. Such exclusion, did not weaken our findings despite of the smaller sample size. Overall, our results remained consistent regardless of how we divided the cohort, which gives confidence in our findings.
Several limitations of this study also warrant discussion. Despite our effort to mitigate or minimize unrecognized confounders, as detailed earlier, it is impossible to ascertain the absence of unrecognized confounders in retrospective studies despite propensity matching and several secondary analyses. For example, physical activity was not measured and active duty status was not known to us (overall 17% of Tricare enrollees are active duty military). Also, several ICD-9-CM codes for baseline characteristics or statin-associated outcomes may lack sensitivity or specificity. While the ICD-9-CM codes used in AHRQ-CCS groups have been previously validated and widely used [19] [20] [21] [22] [23] , some studies show that ICD-9-CM codes for soft-tissue disorders may lack specificity when compared with actual medical record review [73] . However, other studies have shown good overall concordance between ICD-9-CM codes for musculoskeletal conditions and permanent disability, as detailed earlier [32] . As of yet, statin-associated AEs have no validated diagnostic codes. We did not perform chart review to validate our codes since our IRB approved obtaining de-identified data that could not be linked to the medical record. Despite the known limitations of using ICD-9-CM codes, we cannot think of any reason for differential ascertainment bias between statin users versus nonusers. The use of pharmacy data to account for medication use assumes, but cannot guarantee, that patients are compliant with/taking the medications. The median duration of statin use was 3.7 years; this long duration of dispensing medication may be considered a surrogate marker for actual medication use. Finally, given our participants were Tricare enrollees [includes active duty military (approximately 17% of Tricare enrollees), Veterans, and their families], these results many not be generalizable to a more sedentary population or one with less exposure to strenuous physical activity.
Conclusion
Our findings that statin use is associated with increased likelihood of musculoskeletal diagnoses including nontraumatic arthropathies (including OA), use-related injury, as well as use of rehabilitative services, have potentially significant implications for clinical practice. These data challenge several existing studies implicating a protective effect of statins on musculoskeletal conditions. We propose that clinicians should consider the risk of musculoskeletal adverse events (specifically for those at the higher spectrum of risk such as athletes and active duty soldiers) when considering starting statins for primary prevention. Further research, particularly in physically active individuals, is needed to obtain a more complete description of the potential unintended consequences of long term statin therapy, hence, enabling a patient-centered approach and informed decision making about treatment [74] . 
